Abstract -
INTRODUCTION
The economic development of Quebec is strongly linked to the availability of technical skills that provide continuity and support development in different industries.
Colleges (CEGEP) and institutions of engineering education are placed as key players in preparing future technologists and engineers and updating the knowledge of those who are already in the job market.
In the context of increasing demand for technical staff or shortage of skilled labor, the Federation of colleges (CEGEP) requests that colleges have the necessary leeway to update and adjust their training, and this in a short timeframe.
Young people are promoted and encouraged to these types of training. Graduates are in high demand and related trainings are characterized by appropriate practical training.
The problem is even more pronounced in regions where the dispersion of the population and the number of students wishing to engage in technical training is limited. Some courses requiring laboratory work may be abandoned due to the impossibility of grouping students in the same College to provide them with the necessary laboratory equipment.
Laboratory work is a fundamental component in the content of these technical training. The requirements of this work are increasing by the cost of equipment, the continuous development of technologies used in addition to the time, space and personnel mobilization needed for the realization of the laboratory work.
The project describes the development of a series of remote lab with an enhanced approach that allows the laboratory to meet the increasing demands and needs of academic institutions.
The paper is organized as follows: Section 2 describes the implementation of LAD project. Section 3 gives the enhanced LAD approach. Experimentation and conclusion are given in sections 4 and 5.
LAD PROJECT
In the era of the emergence of information and communication technologies, laboratory work can and should be an element of attraction for young people to technical fields.
Within the framework of university-college collaboration, École de technologie supérieure (ETS) and colleges (CEGEPs) of Sorel-Tracy, Valleyfield and Granby have collaborated on a project with the aim to validate the feasibility of a virtual learning platform based on remotely controlled real hardware.
Activities in this project have enabled college teachers to take ownership of the technology developed by ETS for remote use of laboratory equipment and therefore, remote labs (LAD) were implemented in the three colleges. In addition, each college developed six learning scenarios within the same family of courses (in the Industrial Electronics Technology curriculum) offered at three colleges.
Each of the three CEGEPs completed 6 LAD prototypes. Teachers have tried out this developed LAD experiments with various groups of students.
The project for a period of three years ended in April 2013.
This project has led participants to consider various issues to be addressed including:
The topology of technological devices used The information exchange and communication between different elements The appropriate user interfaces The choice of subject laboratory on a course and using equipment that can be controlled digitally The procedure for carrying out laboratory activities The support for the documentation, instructions and help The actual viewing of distant laboratory and the evolution of relevant variables The reservation scheduling for a secure access.
From this experience, the article highlights both technical and pedagogical strengths. Different choices adopted for LAD are discussed and preliminary assessment of the operation of this set of LAD is also presented.
ENHANCED LAD
The facilities provided by ICTs contributed greatly to the development of distance education. With the current technical performance of web, ICT is now able to open the horizons for effective realization of laboratory work remotely. Our challenge was to take advantage of these tools to enhance laboratory work and compensate for the lack of manipulation and direct contact with the laboratory equipment.
We sought to take advantage of these facilities to strengthen the link between theory, practice and industrial applications. Our concern was also to increase student's motivation and help them discover more about the specifications of the equipment used. Figure 1 shows targeted objectives and solutions introduced to achieve them.
Fig. 1. Targeted objectives and solutions introduced.
In our project, we were inspired by the Problem Based Learning (PBL) approach. This approach had its beginnings at the Faculty of Medicine at McMaster University to the year 1960/1970 [1] .
Over the time, the method conquered other fields and has attracted the attention of specialists in education. PBL is a teaching method focused on the student; it seeks to develop more efficient and faster reasoning and critical thinking than traditional teaching methods [2] .
The problems of PBL are defined as authentic situations for students, based on their knowledge, recognize new concepts or those that are deficient in order to reconstruct, through the acquisition of new information, their knowledge [3] .
PBL method promotes the anchoring of knowledge in long-term memory, the development of learning strategies and autonomy to encourage and support continuous learning [4] .
Contextualization, authenticity of academic activity as well as collaborative work in small groups should help creating and maintaining student's motivation. Learners can develop personal and interpersonal skills such as autonomy, communication, cooperative work within a team [5] .
The availability of ICT prompted us to develop and test new approaches combining PBL and ICT [6, 7] . Usually, the laboratory comes in last step to allow verification or application of theoretical concepts. Educational benchmarks that we have described previously directed us to look in the laboratory an opportunity to enrich and enhance the traditional learning. We sought, by harnessing the power of ICT to enhance the work of LAD by the discovery of experiences and the use of real-world environments (remotely located). These learning conditions will serve as benchmarks for introducing practical work for students.
Thus, in a first step, the student is required to take a virtual (or industrial) tour by visiting a website or viewing a video clip that allows him to discover an industrial reality related to laboratory subject. This visit places the student in a real context about which the problem to be addressed is defined.
Thus we meet the characteristic of authenticity of the task that characterizes the PBL and can give meaning and legitimacy to the work. The student is expected to solve real problems or issues close enough to his future professional reality Usually, in the laboratory, the problem to be treated is presented with a textual description (in text form). The availability of web access through LAD permits setting challenging and realistic context.
The student is then led to discover a problem derived from an industrial reality described by the image and video from the virtual tour. In a second step, the availability of the actual physical equipment for laboratory work, allows to handle and experience real and practical solutions.
We also exploit the potential of ICT to enable the deepening of some technological aspects on the equipment used. The student is then guided to websites of equipment manufacturers exploring the specifics of some real equipment which are illustrated and discussed so abundantly.
A website has been developed to guide the student in the learning path. The site includes three major phases:
Pre-LAD: this stage is designed to take a virtual tour, ensuring that the student masters basic prerequisites and discovers the specific hardware used LAD Task: this is the most delicate stage. In this stage the student will be connected in real time to the laboratory equipment to conduct the remote experimentation. The time required for this stage is very critical and it must be minimized to allow all students handling the experiment in turns Post-LAD: stage allows students to analyze the results and submit the final report In addition to the beneficial sharing of facilities between academic institutions, new opportunities of ICT enriched laboratory work and gave it a new dimension.
These new technological possibilities coincide with the emergence of new learning approaches and raise questions about the potential role of laboratory work in the training of engineering students. The techno-pedagogy is currently revolutionizing the way traditional training by bringing the experience of the laboratory in the classroom, at home and in various locations. This also allows the student to be more in touch with the technological reality of the laboratory and even industrial space through virtual tours.
EXPERIMENTATION
Utilization of developed LAD is conducted at the three College locations. Cross experiments were also conducted to validate the relevance of the network approach (Figure 2) . Oral feedback from students was collected. Some written surveys were also conducted. Table 1 
CONCLUSION
This article describes the orientations chosen for the development of the project "LAD of ETS-College Network". Internet facilities are used to enrich the LAD allowing the student to make the link between the work of the LAD and similar industrial applications. The presentation of the required work is in the form of problem situation. This gives more authenticity and meaning to the work that the student has to perform. In our approach, ICT enable and motivate the student to check his previous theoretical knowledge and explore the technological characteristics of the equipment used. With this approach, the laboratory experiments are enriched, making them more engaging and most significant in the learning process. The first sets of operating LAD are promising. With technological evolution, this mode of laboratory is in the process to bring new solutions to the problems of space and time.
